The role of intramembrane Ca2+ in the hydrolysis of the phospholipids of Escherichia coli by Ca2+-dependent phospholipases.
Ca2+-dependent phospholipases A require Ca2+ concentrations in the millimolar range for optimal activity toward artificial substrates. Because Ca2+-dependent phospholipases A2 degrade the phospholipids of Escherichia coli, treated with the membrane-active antibiotic polymixin B equally well with and without added Ca2+ (Weiss, J., Beckerdite-Quagliata, S., and Elsbach, P. (1979) J. Biol. Chem. 254, 11010-11014), we have examined the possibility that intramembrane Ca2+ can provide the Ca2+ needed for phospholipase action. We studied the effect of Ca2+ depletion on the hydrolysis of the phospholipids of polymixin B-killed E. coli by 1) added pig pancreas phospholipase A2 in E. coli S17 (a phospholipase A-lacking mutant) and 2) endogenous Ca2+-dependent phospholipase A1 in the parent strain E. coli S15. Transfer of E. coli from nutrient broth (Ca2+ concentration approximately 3 X 10(-5) M) to Ca2+-depleted medium (Ca2+ concentration less than 10(-6)M) reduced polymixin B-induced hydrolysis by 50-75%, in parallel with a reduction of bacterial Ca2+ from 19.6 +/- 2.8 to 3.9 +/- 0.6 nmol (mean +/- standard error) per 3 X 10(10) bacteria. The bacterial Ca2+ content was repleted and the sensitivity of the bacterial phospholipids to hydrolysis by both exogenous phospholipase A2 (E. coli S17) and endogenous phospholipase A (E. coli S15) was restored by adding Ca2+ back to the suspensions. Complete restoration occurred at low Ca2+ levels in the reaction mixture (3 X 10(-5) - 10(-4) M) and required time, suggesting that hydrolysis was restored because bacterial Ca2+ stores were gradually replenished and not because extracellular Ca2+ concentrations were raised to levels that were still at least 10X lower than needed for optimal phospholipase A activity. This conclusion is supported by the finding that Ca2+ depletion or addition caused respectively decreased and increased release of lipopolysaccharides by EGTA (ethylene glycol bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid), suggesting that the bacterial Ca2+ pool bound to lipopolysaccharides in the outer membrane shrinks or expands depending on extracellular Ca2+ levels. Thus, the cationic membrane-disruptive polymixin B, thought to compete with Mg2+ and Ca2+ for the same anionic sites on lipopolysaccharides, may liberate the Ca2+ near where the phospholipids are exposed to phospholipase.